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FITTINGS WITH REDUNDANT SEALS FOR 
AIRCRAFT FUEL LINES, FUELTANKS, AND 

OTHER SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application claims priority to U.S. Provisional 
Application 60/689,224, filed Jun. 9, 2005 and incorporated 
herein by reference. 

TECHNICAL FIELD 

The present invention is directed generally toward fittings 
with redundant seals for aircraft fuel lines, fuel tanks and 
other systems. Aspects of the invention are also directed to 
associated methods. 

BACKGROUND 

Modern aircraft include complex fuel systems that route 
aviation fuel from fuel tanks to aircraft systems that use the 
fuel. These aircraft systems can include the primary engines, 
and/or auxiliary power units (APUs). In the case of an aerial 
refueling tanker, these systems can also include fuel lines, 
manifolds, and associated valving necessary for delivering 
fuel to a receiver aircraft. In some cases, the fuel lines may 
pass through "ignition Zones, which are typically pressur 
ized compartments in the aircraft (e.g., baggage compart 
ments) that may also house electrical devices. Federal Avia 
tion (FAA) regulations require that fuel lines in such areas 
have redundant seals. However, many existing fuel system 
devices (e.g., sensors) do not include Such a capability. Fur 
thermore, servicing such devices during the course of routine 
maintenance procedures can be cumbersome. Accordingly, 
there is a need in the industry for fuel line components that 
include redundant seals and are easily serviceable. 

SUMMARY 

The following summary is provided for the benefit of the 
reader only, and is not intended to limit in any way the inven 
tion as set forth by the claims. The present invention is 
directed generally to fluid fittings and associated systems and 
methods. A fluid fitting in accordance with one aspect of the 
invention includes a first member having a flange and a barrel, 
the barrel having a passageway. A first flange seal can be 
positioned at a face of the flange so as to sealably couple to a 
Surface. A second flange seal can be positioned at the flange 
face and can be disposed outwardly from the first flange seal 
to sealably couple to the surface. The fitting can further 
include a second member positioned within the passageway 
of the barrel. First and second barrel seals positioned between 
the barrel and the second member can seal the interface 
between the first and second members. Accordingly, the fit 
ting can provide for redundantly sealed, fluid-tight connec 
tions. 

In further particular embodiments, a fitting having charac 
teristics generally similar to those described above can be 
attached to a fuel tank having a tank wall with an inner 
Surface, an outer Surface, and an aperture extending from the 
inner surface to the outer surface. A first portion of the barrel 
can extend through the tankaperture and can be secured to the 
tank wall with a fastener. A second portion of the barrel can 
extend away from the tankaperture. The second member can 
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2 
be positioned within the passageway of the barrel, and in at 
least Some instances, can include a sensor, for example, a 
pressure sensor. 

Still further aspects of the invention are directed to meth 
ods for installing a fluid fitting. A method in accordance with 
one aspect of the invention includes coupling a first member 
of a fitting proximate to an aperture in a wall. The wall can 
separate a first region from a second region, with the aperture 
extending through the wall from the first region to the second 
region. The method can further include securing the first 
member relative to the wall, and placing a flange of the first 
member proximate to the wall in the second region, with a 
first flange seal and a second flange seal positioned between 
the flange and the wall. The method can further include insert 
ing a second member of the fitting into a passageway of the 
barrel, with the passageway in fluid communication with the 
first region. The method can still further include sealing an 
interface between the second member and the passageway 
with a first barrel seal and a second barrel seal. In further 
particular aspects of the invention, the second member of the 
fitting can be removed from the passageway without access 
ing the first region. Accordingly, the fitting can include a 
redundant sealing capability, and can be easily serviced with 
out accessing both sides of the wall to which the fitting is 
attached. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partially schematic, isometric illustration of an 
aircraft having a fuel system that includes fittings configured 
in accordance with an embodiment of the invention. 

FIG. 2 is a partially schematic, exploded view of a fitting 
configured in accordance with an embodiment of the inven 
tion. 

FIGS. 3A and 3B illustrate an external side view and a 
cross-sectional side view, respectively, of a fitting assembled 
in accordance with an embodiment of the invention. 

FIGS. 4A and 4B illustrate an external side view and a 
cross-sectional side view, respectively, of a second member of 
a fitting configured in accordance with an embodiment of the 
invention. 

FIG.5 illustrates a cross-sectional side view of a fitting that 
includes a sensor configured in accordance with another 
embodiment of the invention. 

FIGS. 6A and 6B are partially schematic, cross-sectional 
illustrations of fittings that include sensors coupled to 
shrouded conduits in accordance with further embodiments 
of the invention. 

FIG. 7 is a flow diagram illustrating a method for installing 
a fitting in accordance with still another embodiment of the 
invention. 

DETAILED DESCRIPTION 

The present disclosure describes fittings with redundant 
seals for use in aircraft fuel lines and other systems, and also 
discloses associated methods. Certain specific details are set 
forth in the following description and in FIGS. 1-7 to provide 
a thorough understanding of various embodiments of the 
invention. Well-known structures, systems and methods often 
associated with Such systems have not been shown or 
described in detail to avoid unnecessarily obscuring the 
description of the various embodiments of the invention. In 
addition, those of ordinary skill in the relevant art will under 
stand that additional embodiments of the invention may be 
practiced without several of the details described below. 
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FIG. 1 illustrates an aircraft 100 (e.g., a refueling aircraft) 
in the process of refueling a receiver aircraft 120. The aircraft 
100 can include a fuselage 101, wings 102, and one or more 
engines 103 (two are shown in FIG. 1 as being carried by the 
wings 102). In other embodiments, the aircraft 100 can have 
other configurations, and in at least some embodiments, need 
not include a refueling capability. In a particular aspect of the 
embodiment shown in FIG. 1, the aircraft 100 includes a fuel 
system 110 having wing-mounted fuel tanks 111 (and/or 
other fuel tanks) and fuel lines 160 that provide fuel to other 
aircraft systems. These systems can include the engines 103. 
an auxiliary power unit (APU) 105, and an aerial refueling 
system 113. The fuel lines 160 may pass through pressurized 
compartments 104. In at least some instances, the fuel system 
110 includes devices (e.g., sensors) that require access 
through a tank wall 114 of the fuel tanks 111. Aspects of the 
invention are directed to fittings that Support such an instal 
lation (and others as well), and that include redundant seals, 
as described in greater detail below with reference to FIGS. 
2-7. 

FIG. 2 is a partially schematic, exploded illustration of a 
fitting 130 that can be coupled to the tank wall 114 or another 
structure in accordance with an embodiment of the invention. 
The tank wall 114 can include oppositely facing first and 
second surfaces 115a, 115b, and can separate a first region 
116a from a second region 116b. The first region 116a can 
include a region internal to a fuel tank 111, and the second 
region 116b can include a region external to the fuel tank 111. 
The tank wall 114 can include an aperture 117 that extends 
from the first surface 115a to the second surface 115b and 
allows for fluid communication with the first region 116a. 
A fitting 130 can provide a redundantly sealed connection 

between the aperture 117 and other systems or devices that 
require access to the first region 116a. Such devices can 
include sensors 150 (e.g., pressure sensors or temperature 
sensors), bleed valves, or other external devices. In some 
cases, both the external device and an associated access point 
within the fuel tank 111 are remote from the aperture 117. In 
such instances, the fitting 130 can be coupled to a first conduit 
14.0a that extends into the interior of the fuel tank 111, and a 
second conduit 140b that extends away from the fuel tank 111 
in the second region 116b. In other embodiments, either or 
both of these conduits 140a, 140b may be eliminated. 

In any of the foregoing embodiments, the fitting 130 can 
include a first member 131 sealably connected to the tank wall 
114, and a second member 132 sealably connected to the first 
member 131. Accordingly, the first member 131 can include 
a barrel 134 having a first portion 135a that extends into the 
first region 116a, and a second portion 135b that extends into 
the second region 116b. The barrel 134 can include a first 
passageway 136 that provides for fluid communication with 
the first region 116a. The first portion 135a can be threaded so 
as to be secured to the tank wall 114 with a fastener 144 (e.g., 
a nut) and an optional washer 145. 
The first member 131 can also include a flange 133 that 

faces toward the second surface 115b of the tank wall 114. 
Two flange seals 137 (shown as a first flange seal 137a and a 
second flange seal 137b) sealably couple the flange 133 to the 
second surface 115b. Accordingly, the two flange seals 137 
can provide a redundant sealing arrangement between the 
first member 131 and the aperture 117. 
The second member 132 can extend at least partially into 

the first passageway 136 of the first member 131. The second 
member 132 can include two barrel seals 139 (shown as a first 
barrel seal 139a and a second barrel seal 139b) that seal the 
interface between the second member 132 and the first mem 
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4 
ber 131. The second member 132 can also include an internal 
second passageway 138 that is in fluid communication with 
the first passageway 136. 

FIGS. 3A and 3B illustrate an external side view and a side 
cross-sectional view, respectively, of the fitting 130 in its 
assembled state. Referring first to FIG. 3A, the second mem 
ber 132 is received in the first member 131. The first conduit 
14.0a can be attached to the first member 131 with a first 
coupling 141a and the second conduit 140b can be attached to 
the second member 132 with a second coupling 141b. The 
first and second conduits 140a, 140b can be shrouded (e.g., 
double-walled) or unshrouded. 

Referring next to FIG. 3B, the first member 131 can be 
securely engaged with the tank wall 114 by tightening the 
fastener 144 until the first and second flange seals 137a, 137b 
provide a fluid-tight seal between the flange 133 and the 
second surface 115b of the tank wall 114. The second member 
132 can be inserted into the first passageway 136 and con 
nected to the first member 131 by engaging external threads 
147a of the second member 132 with internal threads 147b of 
the first member 131. The first and second barrel seals 139a, 
139b seal the interface between the second member 132 and 
the internal surfaces of the first passageway 136. Further 
details of the barrel seals 139a, 139b are described below with 
reference to FIGS 4A and 4B. 

FIGS. 4A and 4B illustrate an external side view and a side 
cross-sectional view, respectively, of the second member 132. 
The first and second barrel seals 139a, 139b can provide for a 
redundantly sealed connection with the first member 131 
(FIG. 3B). The first barrel seal 139a can include an O-ring 
positioned between the external threads 147a and a seat 146. 
Accordingly, the first barrel seal 139a can be captive and will 
be unlikely to move when the second member 132 is installed 
or removed. The second barrel seal 139b can be positioned in 
a seal groove 148 and can include an O-ring 142 positioned 
between two backup rings 143. The backup rings 143 can 
prevent or at least restrict the O-ring 142 from moving out of 
the seal groove 148 when the second member 132 is installed 
and/or removed. 

In an embodiment described above with reference to FIG. 
2, the fitting 130 can provide a connection to a remote sensor 
150. In other embodiments, the sensor can be integrated with 
the second member 132, and the second conduit 140b shown 
in FIG. 2 can be eliminated. For example, referring now to 
FIG. 5, a fitting 530 configured in accordance with another 
embodiment of the invention includes a first member 131 
generally similar to the first member 131 described above 
with reference to FIGS. 2-3B, and a second member 532 that 
includes an integrated sensor 550. The sensor 550 can include 
a pressure transducer, temperature sensor or other sensor. 
Suitable sensors are available from Kulite Semiconductor 
Products, Inc., of Leonia, N.J. Other aspects of the second 
member 532 (e.g., the first and second barrel seals 139a, 
139b) and the threaded attachment with the first member 131 
can be generally similar to those described above. 

In still further embodiments, the fitting 530 can have other 
configurations. For example, the fitting 530 can combine 
aspects of the arrangement shown in FIG. 2 with aspects of 
the arrangement shown in FIG. 5. In particular, the fitting 530 
can include an integral sensor 550, but can also include the 
capability for coupling to a second conduit 140b (FIG. 2) that 
can in turn be coupled to additional remote sensors or can be 
used for other purposes. Accordingly, the fitting 530 can 
include second member 532 having a through-passage gen 
erally similar to the second passageway 138. 

FIG. 6A illustrates a fitting 630a coupled to a conduit 660 
(e.g., a fuel line) in accordance with another embodiment of 
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the invention. The conduit 660 can have a shrouded arrange 
ment and can accordingly include an inner conduit 661 with 
an outer conduit 662 disposed annularly outwardly from the 
inner conduit 661. The outer conduit 662 can be provided to 
capture fluid that may inadvertently leak from the inner con 
duit 661. 

In at least one aspect of an embodiment shown in FIG. 6A, 
the fitting 630a can include a sensor 550 configured to detect 
leaks from the inner conduit 661 to the outer conduit 662. 
Accordingly, the outer conduit 662 can include an aperture 
617a through which evidence of such a leak may be commu 
nicated. The fitting 630a can include a first member 631a that 
is integrally connected or attached to the outer conduit 662 
around the aperture 617a. Accordingly, the first member 631a 
need not include redundant flange seals such as those 
described above with reference to FIGS. 2-3B. The first mem 
ber 631a can be attached to a second member 532 that is 
generally similar to the second member 532 described above 
with reference to FIG. 5. Accordingly, the second member 
532 can include an integral sensor S50 having a barrel portion, 
along with first and second barrel seals 139a, 139b that sealan 
interface with a corresponding first passageway 636 in the 
first member 631. In another embodiment, the second mem 
ber 532 with its integral sensor 550 can be replaced with a 
second member 132 generally similar to that described above 
with reference to FIGS. 2-4B to allow coupling to a remote 
sensor or other device. 

FIG. 6B is a partially cut away, isometric illustration of a 
fitting 630b connected to the conduit 660 in accordance with 
another embodiment of the invention. In one aspect of this 
embodiment, the fitting 630b provides fluid communication 
with the inner conduit 661, but not the outer conduit 662. 
Accordingly, the inner conduit 661 can include an aperture 
617b. A channel housing 670 having a channel 671 can be 
coupled to the conduit 660 so that the channel 671 is in fluid 
communication with the aperture 617b, but is isolated from 
fluid communication with the outer conduit 662. The fitting 
630b can include a first member 631b that attaches to the 
channel housing 670. Accordingly, the first member 631b can 
include a barrel 634 having a first passageway 636 that is 
aligned with the channel 671 and the channel housing 670. 
The first member 631b can further include a flange 633 posi 
tioned against the channel housing 670. First and second 
flange seals 637a, 637b provide a redundant seal arrangement 
between the channel 671 and the first passageway 636. The 
fitting 630b can also include a second member 532 generally 
similar to that described above. The second member 532 can 
connect with the first member 631b in a manner generally 
similar to that described above, and can include an integrated 
sensor 550. In other embodiments, the second member 532 
can includea through-passage generally similar to that shown 
in FIG. 2, in addition to or in lieu of the integrated sensor 550. 
In either of these embodiments, the second member 532 can 
include redundant first and second barrel seals 139a, 139b 
that provide a sealable connection between the second mem 
ber 532 and the first member 631b. 

FIG. 7 is flow diagram illustrating a process 700 for install 
ing and, optionally, removing a fitting in accordance with an 
embodiment of the invention. The process 700 can include 
coupling a first member of a fitting proximate to an aperture in 
a wall (process portion 702). The wall can separate a first 
region from a second region, and the aperture can extend 
through the wall from the first region to the second region. In 
a particular embodiment, process portion 702 can also 
include inserting a barrel portion of the first member into the 
aperture. The process can further include securing the first 
member relative to the wall (process portion 704). In a par 
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6 
ticular embodiment, process portion 704 can include fasten 
ing the first member from the first region. In other embodi 
ments, the first member can be fastened from the second 
region. 

In process portion 706, the process can include sealing a 
flange of the first member against the wall in the second 
region, with a first flange seal and a second flange seal. The 
first and second flange seals can be positioned annularly with 
respect to each other, for example, as described above with 
reference to FIG. 2. The process 700 can still further include 
inserting a second member of the fitting into a passageway of 
the first member, with the passageway being in fluid commu 
nication with the first region (process portion 708). An inter 
face between the second member and the passageway can be 
sealed with a first barrel seal and a second barrel seal (process 
portion 710). For example, this interface can be sealed with 
two barrel seals that are axially disposed with respect to each 
other, as described above with reference to FIG. 2. 

In a particular aspect of an embodiment shown in FIG. 7, 
the process can further include removing the second member 
of the fitting from the passageway without accessing the first 
region (process portion 712). For example, referring to FIG. 
3B, the second member 132 can be threadably separated from 
the first member 131 by accessing the second region 116b, 
and without accessing the first region 116a. In particular, a 
user removing the second member 132 need not remove the 
first member 131 and need not access the fastener 144 that 
secures the first member 131 to the tank wall 114. 
One feature of at least some embodiments of the fittings 

described above with reference to FIGS. 1-7 is that they can 
include redundant seals. For example, the first second flange 
seals can be located at different points along a radially extend 
ing potential leak path that passes between the flange and the 
surface it abuts. If one of the flange seals fails, the other can 
still prevent leakage along the leak path. In a generally similar 
manner, the first and second barrel seals can be located along 
an axially extending potential leak path extending along the 
inner surface of the barrel, and if either barrel seal fails, the 
other can prevent leakage along this path. An advantage of 
this feature is that it allows certain structures (e.g., fuel tanks) 
to be penetrated while preserving compliance with require 
ments for redundant seals. In particular embodiments, this 
arrangement can allow sensors to have access to the interior of 
fuel tanks, without compromising a requirement for redun 
dant seals in an external area (e.g., a pressurized compartment 
104) outside the fuel tank. The redundant seals can be fluid 
tight (e.g., liquid-tight and/or gas-tight). 

Another feature of at least some embodiments of the fit 
tings described above with reference to FIGS. 1-7 is that they 
can be installed and removed with common hand tools. For 
example, the connections between the first and second mem 
bers described above can be threaded connections that can be 
secured and released with wrenches or other suitable hand 
tools. An advantage of this arrangement is that it can reduce 
the time and expense associated with installing and removing 
Such devices. 

Still another feature of at least some embodiments of the 
fittings described above with reference to FIGS. 1-7 is that the 
seals can be positioned so as to reduce or eliminate the like 
lihood for damage to the seals during installation or removal. 
For example, the flange seals 137a, 137b can be installed and 
removed without having the seals “roll' or otherwise rub 
against Surfaces that might cause the seals to become dis 
placed. The first barrel seal 139a can be located against a seat 
146 to prevent it from rolling during installation or removal. 
The second barrel seal 139b can be held captive in a seal 
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groove 148 and can be further secured with backup rings 143 
to prevent it from rolling out of position during installation 
and/or removal. 

Still another feature of at least some embodiments of the 
fitting described above with reference to FIGS. 1-7 is that part 
of the fitting can be removed without necessarily removing 
the entire fitting, and without requiring access to both sides of 
the tank wall 114 or other structure in which the fitting is 
positioned. For example, the second member 132 can be 
removed without requiring removal of the first member 131. 
Furthermore, the second member 132 can be removed by 
accessing the second region 116b, and without accessing the 
first region 116a. 

From the foregoing, it will be appreciated that specific 
embodiments of the invention have been described hereinfor 
purposes of illustration, but that various modifications may be 
made without deviating from the invention. For example, the 
first and second members described above can have different 
arrangements, while still providing redundant seals. The fit 
tings can be attached to structures other than fuel tanks and 
shrouded conduits, and can handle fluids other than fuel. The 
fittings may be used in aircraft other than tanker aircraft, 
and/or in non-aircraft installations. Aspects of the invention 
described in the context of particular embodiments may be 
combined or eliminated in other embodiments. For example, 
the fittings can be used with both integral sensors and remote 
sensors, or without sensors. Further, while advantages asso 
ciated with certain embodiments of the invention have been 
described in the context of those embodiments, other embodi 
ments may also exhibit such advantages, and not all embodi 
ments need necessarily exhibit such advantages to fall within 
the scope of the invention. Accordingly, the invention is not 
limited, except as by the appended claims. 
We claim: 
1. A fluid fitting arrangement, comprising: 
a first member having a flange with a generally flat flange 

face, and a barrel with a passageway, the barrel having a 
first portion extending away from the flange face in a first 
direction, and a second portion extending away from the 
flange face in a second direction opposite the first, the 
first portion including external threads; 

a first flange seal at the flange face, the first flange seal 
being positioned to sealably couple to a Surface; 

a second flange seal at the flange face, the second flange 
seal being disposed radially outward from the first flange 
seal and being positioned to sealably couple to the Sur 
face; 

a fastener releasably and threadably engaged with the first 
portion of the barrel of the first member, the fastener 
being spaced apart from the flange face along the first 
portion of the barrel; 

a second member positioned within the passageway of the 
barrel; 

a first barrel seal positioned between the barrel and the 
second member; and 

a second barrel seal positioned between the barrel and the 
second member. 

2. The arrangement of claim 1 wherein a potential leak path 
is located between the first member and the second member 
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and wherein the first barrel seal is positioned at a first location 
along the potential leak path, with the second barrel seal 
positioned at a second location along the potential leak path, 
the second location being spaced apart from the first location, 
the second seal providing a redundant seal in the event of a 
failure of the first seal. 

3. The arrangement of claim 1, further comprising the 
surface, and wherein the surface includes the surface of a fuel 
tank, and wherein the fuel tank has an aperture, and wherein 
the first and second flange seals are positioned around the 
aperture. 

4. The arrangement of claim 1 wherein the first and second 
flange seals comprise O-rings disposed annularly relative to 
each other. 

5. The arrangement of claim 1 wherein the first and second 
barrel seals comprise O-rings disposed axially relative to each 
other. 

6. The arrangement of claim 1 wherein the first member is 
a monolithic member that includes both the flange and the 
barrel. 

7. A fluid fitting system, comprising: 
a tank having a tank wall with an aperture in the tank wall; 

and 
a fluid fitting, comprising: 

a first member having a flange and a barrel, wherein the 
barrel comprises a first portion disposed through the 
aperture and within the tank and a second portion 
disposed outside the tank; 

a first flange seal at the flange face that sealably engages 
the tank wall; 

a second flange seal at the flange face that sealably 
engages the tank wall, the second flange seal being 
positioned radially outwardly from the first flange 
seal; 

a second member positioned within the barrel; 
a first barrel seal disposed between the first member and 

the second member, 
a second barrel seal disposed between the first member 

and the second member; and 
a fastener positioned within the tank and releasably 

engaged with an external Surface of the first member 
at the first barrel portion to clamp the flange against 
the tank wall. 

8. The fluid fitting system of claim 7 wherein the fastener 
comprises a threaded fastener and the first portion of the 
barrel comprises axial threads engaged with the threaded 
fastener. 

9. The fluid fitting system of claim 7 wherein the first flange 
seal comprises a first O-ring positioned in a first groove and 
the second flange seal comprises a second O-ring positioned 
in a second groove radially spaced apart from the first groove, 
and wherein the first barrel seal comprises a third O-ring 
positioned in a third groove and the second barrel seal com 
prises a fourth O-ring positioned in a fourth groove axially 
spaced apart from the third groove. 

10. The fluid fitting system of claim 7 wherein the second 
member extends partway through the second portion of the 
barrel. 


